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Abstract

Diacmte Event Sirraalaticas performed in an Artificial
Intelligerum (Al) errvirorrmeot fmovide beneflta in two mapr

areaa. ITIC productivity provided by Object oriented Progrwrr-

ming, Rufe Baaed Prograrrsming, and Al developrmnt enviro-

nments allowe aimuktiions IO be &veloped and maintained

more efficiently than conventional envirwrmenta sJlow.
Secorrrtky, the use of A! techniques allows dim! sirmslatiossd

human decision making ~saes ●nd Command and Control

aspccta of a tyatem under study.

An introduction III .4I tcchrsiquec is presented. Two discrete
event sirrmlations pruduced in Lhcae environments are

described. Finakly, a aoftwam engineering rnekkrodology is
discussed that allows raimularions to be designed ftsr use in

these envirmrmerata.

1. Artl!lclal Intelllgersce khtvlronmenbr

Discrete event aimrdakion performed in an Artiflcia!

lrrlelligerm envimrrmerst dcrivea much benefit from special

features rrf (hose envinmrrerats. In order 10 apprwiate how

Lhexe special features aa$iai in aimulaiion modeling, Ihey will

be described in ewwgh detail to servo ●s m intdrxtica fw

Ihoae used 10 mom mravwrliorsak cumulation envimnmentc,

1,1. object oriented Knowledge Rqresrntatbn

An object oriented programming system is s program-

ming paradigm thal provide- distinct advarrl+ya over cmrvctr-
[ional wccecium otientad programming ayst!ma and heir aaao-

ciatcd programming, and dcaign paradigma,

An *,w in ma ~Rrjccl oriented system anapsulales

lmxh Lta ●nd the operatiotrc performed on Usow data. In his

renpcwI the ubjem II similar 10 an abctract data [ypa. I [owever,

tha (MjeI_l oriented pmgrarnrning pamrkigm goca bey{md

abnlmct dab Iypca, t\n ~Aject (Merited ryrtcm II charadcr-

lmd by tkra foiluwing fealurea.

{)hjrct Structure ●nd kl~~c l%mtt~

All ubjects nrxy wrrtuin inlttrd ttate irrfomrati{m

known al inunnc8 varisbk. ‘l~e opcrali~rna lhas tiie

Ajr(l can pctl”(wwtale dcflned lIy the xel C4 mcmaqea

IO which Ihe ohjmt mqwrds, ‘Ihe prwedur: u.xcd hy

an (%ICLI 10 rwpond 10 a Itwnxa((c la called s nwl)~ni

An ,*JCVI’K mctbcdn may r?fcrenw culy III (rwrr
llld*ncc vuri~trica, ‘[h :mly nlcraclnmra hctwrcn

(hjmln Ij)kc ptac-e Ly way {If xendirrg s nrcwa~e and

rrxxiviug a maponae 10 Ihe mcarmge.

tnhethssce

Objecra that sham similar inaianc4 vwiablea and

me-tiodscan have Usecommon charwteriatica extmckxl

into ● claaa. ‘Ilw clasa is m object that deacriba rho

cormnorr drmderiatica shared by either subclasses or

instances of Ure clam. ‘he claaaea form a hierarchy of
clata-aubclaaa mlationahipa with inatanca ●s the leaves

of the hiemrchy. [f thy syKlem allow the class-

subclaaa-irrakantw hierarchy to form ● general digraph

lather IJsart ~uat ● tm, tJM system in maid to support

multiple inkrenlanca

Ilre design proceai d building a class hierarchy from

a flat set d objeda is similar to the process uacd to

normaliur relational databw systems.

Late Blndhrg

“fle Objed (Metaled system allowa msporrse to a mer-

aage baaed on the characteriakics d the object d[ Ure
tin.w tiat the me.mago is paaaed to the object. ‘Ilria ia

generally the moat difflcuh of an Objecl Orienled syl-
tem to implement upon a procedure oriented language

such ai C or ,\ DA’ where the charactenaticn of tie

objects am dclcrmined at rxwrrpile-lima rather than al

run-time,

1.2. Rrsia Band Ksauwledge Rrprcsenkation

Much knowled~o can be rcpreaerrted by way of if Ihen

mlea that nxamine and mudify the stale of the krrowlodgo

repmxented in the system. Two main techrtiquea exi,xt to

allow a cotleclion of relet 10 derive new krrowlcdge fmm

cxidirrg knowh?dge.

Forward (’halrslng

In forward ch~ining, the anleccdr. nka nf each Nlc arc

cxarnined, and wherever Rll the antcccdcnw w-

sutiaflcrf t.% cortacqucntm arc ●werled. I:or example, in

a mle nuch -a

if (lh~ cargo of MY-’I’R[I(’K ii (’AN(;())

((he mase of (’AR(;() II +angcnms)
then (cunmrt wtivlty IX tell the r:c ahou( MY. Tlt[’( ‘K I

the f(mvard chainin~ xyttett) w{ruld atlrmp( to find All
~)hjwta (’[rft KE!Wl”.’t”M[l(’K with a car~{) Init~nt,c

) Ada IS J rcRIsterm trudcnmrk (If the II S ( h!vetn

nWIIl, Ada J{qnt Pnu@m ( )Iflce
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variable CARGC such that that uuck is carrying a FiRUrE 2 is a Krapftic of rfre KEE knowledge base descnbirrg

dangerous cargo. Wherever ads a ~ cf valuea _can-be

found, it will be asserted that the @c3 of knowledge

in ‘Ac system knmve aa current-activity will be
chrmged ,.Such a change may well cause other roles to

bczosrsc satisfied causing other pieces of knowledge to

change.)

Backward Chaining

A backward chaining system works in Use cUrer dim

Iiors. The ccmaequenta of each rule are examined, and
wherever the tx.mclosio9 is satisfied With the current

knowledge, USCantecedents me asaertd. For example,

in a rule such as

if (ANIMAL ia in chwa mammal)

then (tha body-cover of ANIMAL is hair)

llrc backward chaining cyatem will attempt to find
values for ANIMAL such that the body-cover d the

animal is hair, wherever such a value is fasnd Use

piece d knowledge that the animal is in class mammal

will be added to Use set of knowledge in the system.

Genwally, backward chaining Iya!ems am used in

uedoction and diagnoses systems We have faand the forward
chaining system to be moat oaefid in simulation modeling d

human decision making.

The ability to capture and muicl human decision mak-

ing directly within the mie ayatem ia of furrdarrwntal impor-

ramw in corratnacting maintainable model: d systems that

depend upon such daciaion making. ThG rule cyatem should

allow tku developer and the maintainer to mori knowledge in

an English-like way. This is very important to the long-term

usc of such models.

2. An Exasnpk Conventlonat Slmuktkon imp4emcnled In

an Al Fmvlrossmesst

A relatively large-sale simulation has recently been

compfcted at Los Alamm in an Al environment ‘1%8 applic&

lion, funded by the Albqucrqoe Ama OfRW of the Depart-

ment of Energy, wea daaigned to allow DOE 10 pcdorm

long-range ptunning atudi~ of the Special Nuclear Materirnla

Production Complex in the (Jnited Stales (Figure I), ‘llw f,4-

lowing facilities, mrd their intemctwe material tlowc -

rcprcscntcd in the rrsudcl:

● TIM Rocky Flats Operation

9 The Los Alamo: TA-55 Opcrptifm

● ‘he Oak Ridge Y. 12 operation

● Tha Fcmald FMW operation

9 ‘he Ilanford Opcratmn

● ‘I?W .Savannah River Opcrat]osr

● The Gwmss Diftiitm Plant

‘Ilse model was developed In KMI* and LIsP on a

Synbolic:’ 36(XJ computer, mrsdcmstains rnptm]xirnatcly t ,t 00

ubjctli (KEII UUIIE) ‘Iliii c{md-sinati{m t>f Mnfwam / urftwam

tcptrwnls tmtay’c state tithe art in Al c~mlpmng Ichrology,

z Kl(fi (Krwwlc !ge Englnccnng l!nvlnmnwnt) Ii a

trademark {i Intclli{’trp [)( Mtwntaln View, (’all l{wntm

1 Synbt)iics In a Itntlmtufk ~)f Synlh{41c~, lnc

h; Rocky Fla~ Piant near Cenver, Colora~o. Figure 3 show;

detail about ttrcI object calted Building 7714 at Rocky Flats.

Building 771 prweases two plutonium-bearing aqueoua scrap
streams, fast and slow, to recover plutonium metat.

Seven man-years of development were invested in the

efiort during the one calendar year it took to comp!ete Ure

model. While this particular simulation could have been
developd in one of the more camventicnal simtiation

languages (SLAM, SIMAN, GPSS, SIMSCRIITJ, ‘Useauthors

believe (fiat the dcvelopmeot tirrsc wculd have been much

longer using one d these mom conventional languages. In

addition, the modularity of the mooel f&wuae of the object-

oriented approach) makes it eaer to maintain than had it be-en

built using a procedural approach.

It takea 25 - 3G rmnutes to complete a ten-year mn
with atl facilities active, or th.m to fcmr minutes to run just

the Rocky FJats facility stand-a)one.

3. Ah Example of a Command, Control, wad Cornmunlca-

Uoraa Slmuktkom

Two years ago, a rraedium-to-large scale simulation
was developed at Los Ahrrrma using KEE on Symbolics

hardware to represent the behavior d 1 to N battalion-sired

milils)y organizations involve i in a combat aihsation. Each

bau.slion it comprised of tracked vehicles, W trucks, recon-

naiswnw vehicles. tow trucks, food, fuel, qsplit%, and per-

somel. llre pemcrnnel include a axnmander, staff ~momel,

and suppoat pcraonnel (mechanics, radio opemtcwa, gumera,

de.) l%is class of simulation problem it called Command

Conh-ol, and Commurdcatbn (C3), and rcquims a rigorous

rqm%entatioa of human decision-makin : pmccssw to rcalisti-

alfy reprcacnt the military opeiation. A few examples of the

&cision prrxeaaes modeled in this cimulatiwr include;

● lla4 the Urreat d dcleclion fmrrr enemy radio direction

finding sy.tcms, human mtelligrmca, overhead survcil-

hc.c, etc. increased to the pint where a move 10

arrot)rcr covert kxation i! nec4asary?

● II itnccrsaaty to rfislra~ch ● reconnaisscmce team w

gadrer iufOrMaliOn about the forward terrain?

● Since il has been determined that ● refueling operation

is required, lo which fuel dc~ should c m-tcarn b:

dirnpatchcd?

● Given the rxtant cnvirwrmcnlu / combat conditions,

should the wackcd vehicle that was just damaged by s
c[mveu!i[rnal attack be rep~, rcd while tlw baltal ion

waits, sfrotil,. a mubile repair kwn b! djqmwhcd whdc

the rent M’ UIC batlaliurl moves on, w sbculd Ihe vehl-

CIOhe abandoned in place?

[n conttam 10 rhe cxampio give,! above of a cwrvcw

Ii(mal pmcwo simulation, the a~ilbom dn not feel Ihat thin (‘}

model could have been bt]lil ami n’ iinlnincd unirq nrre t)f (he
older, rxmvwli(mal nirnuialitm nyslcnm one of the {*)wlive8

f~ C’ wr..!clin~ m 10 .nrnlyze the cNccla of different 4ccisims.

mat.in!~ whcmca tm Ihc {nllconac of the wmululitm. “Ihc lww of

n nde svrntcmr when dcctnion prrwer.m are dcflncd M data (U

(wqxarcd 10 compiled if “Illen IIlw c{mslnlcts wllhln 4

.—. — . . .—— ..—

4 Nt*e ‘Ilrc lmwcnnm~ rates -nd cltlciwicn pmnontcd
In ]“I~II; e \ arc n,i !hc actual ,Iala for lli]lldln~ /’71 AI Iltuky

I’1.lln
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prxedurat language) allow this, whereas the older simulation
sy.;temx do nw

1[ is imfssmtant to ncwe that this class of simulations
largely performs analysin upon the cfocfriise or policy of a sys-

tem rather than the physical capabilities of the systcm

(although, naturally, the physical processes remairi an impor-

tant part of thy simulation). This new ability is the most

important characteristic of this new simulation envimnrncsE
wheu c~paIed to more conventional simutaiion eSSVlI’OSS-

mentx.

4. A Sofhnre Enghseerirsg ikl~

Given an undcmtanding of the AsrMcial Intclligerse

environment chazmzerixed by object oriented pmgmmming

and rule based pogrmsssdng, and given assunderstanding of a

sample discrete event simulation produced iri this envimnmenL

the aoftwazu engineering methoddogy used to develop these
simulaticms is now preszssted.

4.1. Actors

A set of requirements for ● simulation will always

include information regarding the situation to be simulate i and

Lhe analysis desired about this situation. Givers these requiru-

menta, the first step in &signing a simulation is to c4saracte*
ize all active entities in Use situation xx Actors, The definition
of an Acf& here is quite bread, encompxmirzg my and all

adivo entities in she situation so be simulated. 7%0 rxmc+ of

an Acfor containa a fair bit of anthmpommphisns,

Any actor will have Utree seta of chmscteristiw.

Asseta and Anributes

Each Ac:or may have certain items in its pmaesaion.

h example, a fuel truck will have a certain arnotust

of fuel on hand cs ear●@.

Physical Captsbilidex

Each Actor may be able to exercise m ability to i-act

in acme way. For example, n fuel truck will b able

to change Iomtiou, provide fuel to some oltscr Acfor,

and replenish its fuel assds from a cenwal fuel depcw.

Cognitive Cqmbilitisx

Each Aclor my be able 10 CXetCiSe corrtmand and con-

trol, or decision making abilitia. For example, a fuel

truck (or more specifically it# driver) cm examine Use

current situation and fallow some tiirine or decision

making pmceas to determine how to procad. Perhape

We fuel asaeta d the fuel truck have fallen below ●

level that v’mdd prevent future, wheduled refueling to

occur, In IAin case, the driver may eleu to diver-t to a

central facilily for m-fueling,

It is the hilily to direclly model these cognitive cqre-

bilitiea that dlfTerentiates between simulations in

Artifldal Intelligence envimnmenta and those m more
conventiorul eniirwmaema.

An ectlvlty irr the cimulalion will be a reprwentation

of an Actor exercidng one of ita capebilliiea. An exercise of

an Acfor’.t cognitile capbilitles is no di~mmsl than an axer-

cise of an Acfor’.? Phyrnical cqtabilltiec dhougb the repmcn-

Iation of the exerctxa of a fhysical capabdity will differ fmm

the repmxentethsn uf the e~cmixe d’ a cognalive c~pabihty

wllhtn the nsodcl’n imphmscnhtl(m.

Pitmlly, each activity in reprtxcntcst by an wetd (hat

rrprcxda the Inatmrt in time wtrcn an activity either hcglnrn w

wrnplcles .Sonse acllvitwt Impfmr instantanccudy msl rnm

modeled as a single event-

4.2. Actor% u @sjec@

Onm the system to be simulated is deacrbed in terms

of Acfors and their associated assds, li’tysical capabilities, and

mgnitive capabilities, the simutat.ion can be constructed by

rnalcling each Ador as an objecl in the object oriented pr-

ogramming system. Tire object’s instancz variables a,_e used to

represent assets of the Acfor. The eventa Umt represent the

start and end of the activities representing the Acfor’s physical

and cqztitive capabilities become melhcda of the obj:ct. All
even[s in the simulaticm are implemenkd as messages passed

to the objects representing the Acfors in the drama.

A major advantage of the Artificial Intclligen~

environment comes into play at this point. Tire methods

mw~nting Lh eXtt’CISe of a #.ysical Capbitity witl be
encoded in a prosxduse oriented knguage (e.g. Lisp, C, FOR-

TRAN) in the same way as in conventional aimulalton

environments. However, rather than encodinz the exemlw of

a cognitive capability in the m’ocedure oriented language (tie

only opticm in the conventional simulation envimnmenl), the

AsMcial Intelligcn@ envimnmmt provides a fozward-ch~ning

or a backward-chaining (or both!) rule system that is ideal for

capturing and modeling the decision makin> processes cf the

exercise d an Actor’s cognitive capabilities. Additionally, the

mtca definin~ these cognitive capabilities are data, not com-

piled de.

5. C3ssspmleoss of Essvlronmeerfl

Ilse primary diffcrensm between discrete rvent simula-
tion rrwdels developed in M Artificial Intelligence enviro-

nment and such models deve!oprd in conventional progra-

mmingenvironments is the ability to use ● rule system to model

decisicm making. This leads to a mom corrsprehens~ve view of

an activity in the simulaticm pmducd in l% Artificial Inlelli-

genm envimesmenl.

In the conventional erwimerme~ rmphasis i~ placed

on modeling the exercise of physical capabilities. This lesda to
n model of sequences of uctivitia rwfweaerrted as a sequence

rsf evenh

● 13egin activliy

● End activity.

With the ablllty to nidcl he exercise of ctrgnltive

capability, each cctivity is rnodelrd w the event sequence

● Begin Cognitive activity tn de:ermint rext ac[i<m,

● End Cognitive activity

8 Ilegin Physicat *ciivity,

● End flrynical activity.

● flcgin aawamrcnl activily to determine rvmh O( +ryr+
cal activity.

● End aasewment ac!ivity,

‘[ho new mb-ectivitia that reprexent the cogrrmvc and
amennmenl pwtiona allow nv .Iclirtg of cornmanfl and rt,ntn~l

nynlcmn, met allow - naxtcl to be built that Prrft)m]rn andyws

of (he dccition mak Ig pmcesrn !tsclf, rather [ban JIM @~Jr

nsance analvsin of ● lisymcd sy*trm

‘Ilsele new nub wttvittsw ●il[rwing n~mielin~ ~)1 dc~t

sitm making -m (rely practical given (he krwwlrdge iIuwlcl Ing

hMfll pnw Iuc,i by the ru~a nyxlcma Wlthln the AIIIi!cId [ntclll

gfncc envlnnsmcnta. “Ihe argtlmcnl cwv ho mdc IhUI (IIC



Aflificial In[elllgencz? enwmnmenta provide no fundam ital
capability over the more conventiooa! envimnmenLs for simu-

!atlon. ~is argument IS usually based on examples of is rule

based system implemented as branches within a procedural

pmgmmrning framework- ‘fIsis argument is valid as far as it

goes, however. it dots not go far enough. Either eravironmenl
is Ttirrg-equivdcnt in the comfxsu.tional sense. Any function

computable in a proccdum-orien[ed system can also he com-

puted in an object+riewed system and vice-versa. The

differenen is ori-e. of same of development and maintmancm

over the Iife+-ycle of the Si~iatiOet.

The conventional sirrmlatiws enviroturseest fcaes an
over-emphais on Ihe mprcsentation of the physical prcscessca

of a system to be modeled With no tools asvailabie to direc!ly

model cognative proecsaa, muti of currens simulation design
is spent determining how to mudel decision making proces=

stochasticly and removing any decision making prnceaa that

cannot be mcdeled in Uris way. while it is a tribute to Shtis-

ticians that co much human decision making can be modelrA

stwhaaticly, conventional simulation environments do not prw
vide tools to allow any other acm of medeling of the decision

making process. Oflen, systems analysis requires Use study C#

non-stochastic decision-making pmceaaem. llse advantage d

the Artificial Intelligence environment is that this sort of
knowledge can now be modeled dimdly within the mle $y$-

tan. Marry simulations can now ba implemented that were

nc4 possible before In pertscular, the decision making dcclrina

of a system can now be modeled directly in the same way that

physical pmccsse! wcm modeted before the advent of lho ucw

simutatinn cnvironmersk

h is our belief that orsly rrivial decision modeling cm

be performed by embedding the doctrinaf knowledge within

branches of a procedural oriented language where the mdcl

must b,! maintainai over the ●nalysis lifctirrw of the nodel

‘1%0 Artificial Intelligent envirmmscnts provide boUr

increased development productivity over conventic~,l simula-

tion environments and the new ability to mcdet human deci-

sion making processes.



Figure 1.

NUCLEAR WE.4PONS PRODUCTION COMPLEX

*

Ii-<..~1

mW+T+,{y:,.?.:.;....+....:...>:,.:.:{.,...:::.-.:...................:,.:...... .,.’..-

DPS-1STATUS

[ i NOIYet Begun

Requirements

Programming

I ‘““’””IVerification

m
Compleled

9/08/87



Figure 2.

:EPICIURE.lNSIwES

‘P-ACltVE-VALUE-UWTS-::
.- -AWJIJA1 -PfP-EVENIS

‘?-GRAPHICS
‘- i)OWN-RFP-FACN ITIES

,CA ~-3-lNVENIORY

~’,FASI-RESIOUE-lNVENTORY

.“,’,flN19ED-UI T-lf4VENIMY
,::, -.*MS. ,Nv~N, my
. ..

.’,’...”. .f’a

~NVENIGFliE9’.;”- -_PIPELI~

. . . . .

‘c{;-- ‘ - ‘RSO-SPEC-INVENTORY
/

-..,...

/

,,.. . SCHLIB-ALLOY-FEEO.;,. -.
..-. , sCRM-AILOY-lNVENIORY

‘:,’..”31TMT~TlNVENTMYMY

)CKY-AC 1-( “’;aOW-Ws104JE-INvENTOfIY

“=3PEC-tNVENIOfiY

\
,4AOC-371-AQ

..”;. +JLOG-371-PY

‘!’PROCESSESOC-;--* ffi-771
-- -- _8LOC-776‘~psc ‘:. --

. . ‘F fklNOfiY

PMMJLICilON-fi60 ..+RocEss-AT-37t
ICKY-DECISIONS ~wN-FACILlllES ‘U) G-371 -ER-RULES-=; :--+ ROCESS-AI-BLDG-771

- ‘-’PRDCf SS-AT-l A-55



Figure 3.


